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.FOREWORD
Howard K. Larson
e
One of the critical technology needs of the Space Shuttle is develop-
ment of a reusable thermal protection system (TPS). The baseline
material for a large part of the shuttle TPS is now reusable surface
insulation (RSI). Because of the rapid progress which has occurred
in this development effort during FY'72-'73, it was deemed appropriate
to review the state of RSI technology at this time. Therefore, Ames
Research Center, under the auspices of the Shuttle Thermal Protection
Systems .and Materials Technology Working Group, hosted a three-day
symposium on Reusable Surface Insulation for Thermal Protection of
the Space Shuttle on November 1-3, 1972.
The objective of this symposium was to define the state-of-the-art
for RSI materials. The meeting was divided into five sequential half-
day sessions; each session addressing a specific technology area.
The first session "RSI Fabrication and Improvement" was chaired by
Howard E. Goldstein of NASA-Ames, and included papers discussing the
development of silica, mullite and alumino-silicate RSI materials.
Rigid and flexible RSI materials were described. The results reported
showed that mullite, silica and alumino-silicate rigid fibrous RSI
materials could be fabricated reproducibly. One paper described a
somewhat different RSI concept, a rigid closed pore alumino-silicate
insulation having good physical stability. Also described was a
silica non-rigid insulation which offers the possibility of minimizing
strain compatibility problems with the structure. While substantial
improvements have been made in the past two years, it was pointed out
by many of the papers that much effort is still required to optimize
the RSI materials. Substantial improvement in physical properties and
thermal stability should be expected with continued research.
The second session "RSI Morphology and Properties" was chaired by
Salvatore J. Grisaffe, NASA-Lewis, and included papers describing the
detailed mechanical and thermophysical properties of the rigid fibrous
RSI materials and their coatings. The mechanical properties as a
function of temperature for. REI mullite and LI-1500 were presented.
One paper described a comparison of the mechanical and thermophysical
properties of HCF, REI mullite, and LI-1500. Radiant energy transmis-
sion through mullite RSI was discussed in one paper and the high
temperature surface optical properties of all the RSIs were discussed
in another paper. The final paper described the microstructure of
mullite fibers. This session demonstrated that the mechanical proper-
ties of the RSI materials are reasonably well understood, though the
precision of the reported values is still in doubt. Thermal conduc-
tivity, particularly radiant heat transfer effects, are not well
defined for the fibrous mullite materials. Emittances of the surface
coatings of all the RSI materials are still questionable and require
further study.
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The third session "Environmental Testing I" was chaired by David H.
Greenshields, NASA-MSC, and described the results of arc-plasma
testing of the RSI materials. Most of these papers were concerned
with both techniques for proper convective heating environment
simulation and the response of the materials to the environment.
Two papers described thermal response in gaps due to laminar and
turbulent heating, respectively. In both studies, large panels
simulating shuttle heat shield configurations were used. Other
papers described the internal thermal response, catalytic wall
effects and material response to cyclic heating. These studies
were carried out on small models in uniform stagnation region heat-
ing regimes. Significantly higher thermal efficiency was reported
for silica RSI compared with mullite RSI. Silica RSI coatings were
also shown to be more chemically stable and less subject to crack-
ing due to thermal shock.
The fourth session "Environmental Testing II" was chaired by John D.
Buckley, NASA-Langley, and included papers that discussed the results
of several diverse environmental testing programs. There were papers
on the response of the RSI coatings in both convective and radiative
heating environments. In these papers, emphasis was placed on the
chemical and morphological changes that occur due to each heating
environment. Significant differences were shown between the effects
of radiant and convective heating. Convective heating was shown to
have more severe effects. Other papers in the session described the
effects of combined salt spray and cyclic radiant heating. It was
shown that salt spray is more deleterious for silica than for mullite.
Cold soak, acoustical rain erosion, and meteoroid impact tests were
also described. The results of large panel tests in radiant heating
and acoustic environments showed the silica RSI to be more stable.
Mullite materials experienced thermostructural failures in these tests.
The fifth session "Thermal Protection System Design and Optimization"
was chaired by George Strouhal, NASA-MSC, and included papers describ-
ing a number of specific design problems. Among these problems were
the adhesive cold soak, the effect of optical properties on thermal
design and techniques for mechanical attachment of RSI to the struc-
ture. The design concept of a non-rigid silica heat shield was
described. Papers on mullite and silica RSI, respectively, contrasted
the design philosophies and development maturities of the respective
systems. Finally, a paper on thermostructural analysis of RSI applica-
tion showed that mullite was much more subject to thermal stress
failure than silica.
In conclusion, it is felt that the Symposium fulfilled its intended
purpose in providing an "open forum" for Industry and Government to
present, receive, and discuss the most recent results of a young,
,intensive technology program. NASA needed the results of this RSI
technology program in order to make important decisions as to which
of the RSI materials to choose for the shuttle heat shield. Early
in 1973, NASA made the announcement that silica was chosen for the base
material and that a coating with a ratio of solar absorbtance to room
temperature emittance of 1.0 would be baselined.
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concept are described in figure 17. A 20. 3 x 20 . 3 cm (8
7.8 x 17.8 cm (7 x 7 inch) size is used in Area 2P.
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BALL JOINT CONCEPT SELECTED
Figure 5
lected for detailed evaluation is illustrated in this figure.QJCO4JP.cuCJaoo4-1BQJ
10cd4-14->cd4-1B•Ho1-1rHrHCOCO43H
cept consisting of small ball joints engaged -in socketsB0CJ4-1B§430CO4-14JcdBo4-14->Oft4JB•HOP.1<1JQJrl4JcdCO•H4-1M
1 joints slide and rotate within sockets to provide strainrHCOPQ8rH•H4->l*HOQJ13•HCOTJMCO0f>B•H01434JO4-1•uQJrrjBO43
sher, which distributes attachment loads into the RSI. AcdScdo
4-1
130)13BO43CO•H4JQJ^JO0CO43CJcdPL).B0•H4JcdrH0CO•H
of the tile. This screen aids in maintaining RSI tileQJ
13•HJ2CJcd43CU434JO4-1•o01•aBo43CO•HBCUOJMOCO£3•^HBcd4-1•rf4-1
amaged. For loss of a complete tile, the titanium screen
13CO-Hrl0CO
*20QJrH•H4-10)434-1QJCOcdCJB•H£**4J•HM00CU4JB•H
•
QJ00CO
J£CJcdPiBO
•H4JCOrH3COB•HQJ434->COB•Hcd4-1CUj-i
threaded stud. To install a tile the three balls are alignedcd
<4HO
13g0)BOBO13QJB•H43CJgCO•HrHrHcd43QJ^H
rHrHCO
•
1000
.54J4J•H4HQJ4-1O4-1•HrHrHCO43OcO0113cfl0)(-14Jo4-113OJ3CO•H•sBQJ)Hs•BQJrHrHCOBCO13BCOMCO00B•H4J4J•Hl*H13QJCOQJ4->QJflw(•"!4-1•H!s
to engage the top of each ball. Tile height adjustment is•sBQJMSB01rH3QJ434JrHrHcdCJrH•H4JQJ434JB•iHCOa)rHO43
fitting. Tile gap adjustment is accomplished by adjusting13BcdrHi-Hcd4301434->BQJQJu60143COt-lQJCJCOPiCO43T3QJ•HOMP.
cture.3M
4JCOr?^
•HViP
.
QJ•g04-1T30)43CJcfl4-14-1cOCOB°
-H4-1
•HMHQJ434J
placed between the tile and primary structure. This insula-CO
•Hcu00COo^COp
.
B0•H4-1COrH3COB•H>,
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•HCOBQJ13£0rH^
rl
•HMp
.
QJ4JQJrH•H
oOOoOCT>CJcdQJMO4-1QJOcdocdQJrH•H4-1QJ00B•H§rHrHCO434-100•HQJCOPMHCOcuo3*"UcuQJ00O^cdP.B0
•H4-1
°K (350°F). The insulation package also provides a hot gasom-*T30)QJCJXQJ4JoBCO0)O13QJVi34-1cdMQJQ0)<u34-1a34-JCO
•
COQJrH•H4-1'OB•H43QJ43MQJ•H^i^jCO43
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.
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<H0CU>-H4-1CJCU
•I~)
43OCU£
ctive. It is recognized that furtherCU
•n
43OCO•H434-1
43CO•HrHCua0CJCJcdo4-1
13cuCO3cut-l
-
0)sCOi-HcdiHrJcu4-1CrtarHcdCo•H4-1acu>C0
C
J
.
4-1CUCUCJ
advanced composites. Results of tradecocd
4303coCOi-icd•Ht-lCU4Jt-lCU434JO00C•HCO3T3CU>0)
•H•scdcu43TJrH3OCJCO00C•HcdCO4-14300•HCU&
•
 
-
CO4-1Hcd•S00C3•H§i-lrHOM-lCU434-1CO13cuN•HI-lrtH33COcut-lcd4-1Cu<UCJCoCJ4-1a•Ho•i-)rHrHcd43T30)4-10curH<uCOcu434-1cuN•Ha•H4-1CuOO4-1COCU•H134-1CO
were evaluated. One- and two-pointco4JC3c£cuCcdr4Mcd
4-1acua43Ocd4-14-1cd4->C•H0P
.
M3OMHT3gM1cucuM434-1•\1O&
4-1M1
0)Co
not provide adequate support foro
134-13
43T3CU
rHrHCd
4JCOa•H>
,
rH•HcocdcuT)dcd4-1•&iHcu•s•Hi-lCUhcdCO4-1cucuCJCoCJ4-1CcuS43CJcd4J4Jcd
d to survive dynamic environments thatcut-4
•H3o
4
cuMco
•HCOCOCUC!
>4-l
m•H4-1CQrHmCo•HCOr4oH.cocurH•H4-1o4-1•acu•HrHcucucdca13cd0rHHcdMcu4->cdrH
natural frequencies of one- and two-
i-HcdCo•HCOMOH.COcu00TJcu00aorHcdM
 
'
cu434-1o
43UcdCU4-1CJcd4-1C3ooo4-1COcurH•H4-1cuscdo•arHOCJ
y. Since torsional natural frequencies
rHCU>•H4-1OCUCuCOcur4AN
33IT)
r
~
13CcdN33romcu4304-1T3§OMHcui-icuSCO4JCCUa43ocd4J4-1cd4-1C•HoCu
tural frequency of the primary structurecdCcu
4-1
434J
•H>00a•H
rHC
u
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r consideration.Q)
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M
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-
13CUCuCuOM
-oCUMCU^CO4-1C3cuaCJcd4-14-1cd4->C•HOcu1ou4JTJdcdicuo• nCOrH0)CcdCu
ed but has the obvious advantage ofWCU
13•HCOCOCJ4-1CUCUOCoCJ4-1COCU
•H>cdcu43CU434-1CO•H4J£3430cd4-14-1cd4-1C•Hocu1rJ3o14-1CU43H
ge of this concept is difficulty ofcd4-1Ccd>
TJcdCO•HTft-lO•t~>fl[CU
_fl
P
.
COrHiHcdM-l1-1CUCCU4-1COcd
14-1cd14-1•H>
,
0C3cdTJC3•ocuI-l00•H
13•H>OMCu
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•
COcurH•H4-1
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ise. It has acceptable weight, pro-aoMCUa0CJ4-1COcu
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•
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been placed upon the design of the Shuttle Orbiter thermal protection0COfjtopC0g0fH
•H—
 jcr0fHpC0boC•HfH•Pco
ors must be used to prevent failure of the insulator, its attachment•P*
4-1X•P04-1cOtoCbo
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 —
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g0•PtoXto
tern must be capable of withstanding temperature extremes from 1644° KtoXto0
£-t•bO•HPCOO0to•P•H13CO*tg0•PtoXto
remain waterproof for 100 mission reuses. In addition, it must be
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environmental exposures including salt spray, humidity, rain, acoustics
4HOXp0•HfHCOcObOC•HfH313(504-1O0i—
 i
XIcOrvcOO
es of orbital flight.g0fH•PX03OCO£>•^^0fH3•pcOfH0g'0•P04J
*ocCO
important to the design of a Reusable External Insulation TPS,tofHoPocO
4-1to0tnto30to•H•ofH0PHcOfttn•HC_H
uirements. Successful thermostructural design requires considerationcr00to0
i f^PtoP0gpCOP«*0P•Ht-ti— I3iHHUJoi
components as well as the complex structural interactions. Included
CO&0f-^.p4HOtoo•H4_)to•H0POCOfHCOxt30X 
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p4-1O
ess and strain developed in the coating, insulation, and attachmentfHPto
4-4Oi—
 I00
i-H0Pto•Hf_40PPcOr-t0PC•H
resses and creep on system performance and design; and the effect of•ptof— jcO313•Hto0fH4-1OPO04H4-100+J• *Sg0PtoXto
capability.g0PtoXto0
^f*
^3Co0bOcOr *^C•HfHXtot—
 4
CO•HfH0PcOg
n conditions for a bonded" system is that of on-orbit cold soak inbo
•Hto0*o0fa0)0^tofl)£40g04~>4-1O0£«(5
K (-250° F) are experienced. Being below the glass transition tem-o\Di— itoCOo^rHtocOto03PcOfH0g0•PXo•HX
class of materials used for attachment, this can result in highfH0£>^i-HOQ-i0coo•Hi— 1•Hto0XP4-4O0fap^COfH0ft
d the bond since the coefficient of expansion of the bond is two ordersccOfaOcO1— 13to•H0Xp
XpoXIc•Hto0tnto0fH•Pto
ulator and one order of magnitude greater than the substructure. TPStoc
•H0Xp(^cOxpfH04.)CO0fHbo0'O3•p•HCbocOg4-1O
and tested for this condition. These tests have served to demonstrate130xi— icOCcOc00
XI0C^OXtoCO•HpCOfH3bO•H4HCO0
systems developed by General Electric Company (GE-RESD) can beP0gr(jcOPPcO13CoXI0•Hto0Xlo0X•p•pcOX•p
er these conditions, but that special analytical treatment is necessary
*o30to3fHO4H130•Hto013>
.
i
—
 i3
tp
.
toto0oo3to
or of the bond material as it becomes cold and highly stressed.•HCO
X0XIrHCO3to3£30XpfHO4HPC3O00COop
are discussed as well as their correlation with the thermostructuraltoprH3tn0fHPtn0Pg0ptnXto
Xi3to13£(0g0PtoXto
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tLYSIS METHODOLOGY
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2.2rnhe primary structural analysH
3ly to date and analyses using three-dimensional mode!i^•1-1CQai01wfi0CQdg0,DCOrt.onal plane stress analysis h• ^^cod0a•i-4T3 1!••0^•3•1-1o •(U. &0 
.
.gl
:^
&
•
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US IONS ON COLD SOAK ENVIRONMENT
(Figure 13)
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PHHHILE TOLERANCE /GAP RELATIONS
(Figure 24)
HHIS
73§1COPHEH«MoCO<0•I—
 I
73a•sO•rHDf the aerodynamic and thermodynamCO•+Jf\dt•>H>1,HSwwa•PHaIV£sgO
>
,
e?BdiembledenCOd0)•4Ja073aderance requirements on the RSI tilesI-Ha•s•rH31CD30),0EJ^— H•rHCQft0)-(->CQ
aQCMOrHO1CO0>I-H•rH•«->d•SI-H"pHCDaO•+JgfHafv!ition imposes a minimum gap requir<1OX.%OCQ73I-H0UCDr .HcoCDI-H52t+HO
,«
-!
•*HCi
^a•rHCOa0<M
*
in»-Hg Si/I0),QS 1«a•rHO§•o_aoCOt-oo73§CQ01I-H53£"o•S3i1ooCM1^3CD^r^•i-HoA•FHoso.
,0)rH1nimuma£a0cdCOCDrnhanical loading at temperature impos8gW1ds173tiles— an
.e size and thickness.F" 1*53aabJDgo.1•aquiremei
-4->1da).c-4J5fCDrHTO^•4™CQrttiles are rectangular, deviating from1•85CQCDCOCOdt;doCO•rHH
4->OaS1«*CQo>-rH0>"3-MC,)£-*jgalerances, combined with primary str5tjSS,c<;0)orH^20)5•s
cuurtrHV•s-u«J3•83uCJaCDO>rSI?rtCOCDr-H•rH-UOoLOrHI-HhH0)1— H1i•s•8•rH3aa•rHt»CQ•iH6.a730)73^ "o.a@
.
0),0
73(UCQCQOj>>1CQ<DS,CO•IH2"01Oi—lninimum tolerance of ±0.25 mm (0.0:P<Hds-•rHU3Oo•o7gCO1-1o-H<4Ho
<CO18oo§53dSoi43CO.a0)U1rH>>1!•rHCQ1O&bJDc3I-Hg&S2"U.aoecoo_a3HCOc-o•?<
<DrrHCJc^?CDgrtrH01"o+JCD>•rH^ to quantify the cost of achieving a gP'^JrHV"S3^ ,^>1ra^CJCQ•rH-l->1«4HO>
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RODUCT
» are importantion characteristics of reusable surface insulation (RSI) materials4-1cfl•rl73Cfl)-l01ycfl14HM3Cfl
> a primary modes and^studies of these materials. Radiation of imposed heating isBo
•HUCOy•HrHCXCXCOA4-1OB•H
performance pre-tion by the RSI and thus, must be accurately determined for entrycfl
73Og§Oyycfl^>6001B01<4HO
ind understandingof RSI materials, radiation properties are critical to analysis iCO4-1CO0)4-1B
M
.
COBO•H4-1U•H
73
1CXocxOlCO014-1
>4Hoo. 1s. Due to the importance of the radiation properties, determinatj4-1rH3CO^4rHCO4-1BgiH1^CUCXXCU
jlication. However,rformed on RSI samples with a surface condition as in a flight apiO)cx01-Q73rH3oCOCO01•iH4-11^<U
CO•H4J
Mi—
 i60
4-1COof RSI surfaces changes due to repeated exposure to convective hecx301cflg
rHCfl
y•He01AU0)A4-1
irforming thee to evaluate the radiation characteristics of RSI materials by pe
rH-0Cfl
rl
•HCO017301MO<4H01M01A4J
/e heating environ-^
TH4-1y0)ycflB•HCOa4-1cflrl01cx§4-160B•H4-1cfl0)cx04-1COCOrHCfl•H014-1BOCO4JB01rlCOCfl01BBO•rl4-1Cfl•H73cflrl7301M•H3cr01M
BO•rl4-1
•H73C0y4-1A•HrHUji-HCfl•H014-10)4JM-lOB0•H4-1cfly•HrHCX•a01•o•H>O1^cxrHrH•H[J4JCO4J4JB0)B
i-situ measurementsion properties of three RSI materials have been determined f rom. ii4-1CO
•H73cfl
.
 
^101yCOMH3Cfl
Lscrete wavelengths
7
34-1cflBOiH4-1Cfl
•H73cflrl014-1
7
3Cfl
BO•H4-1cfl
•H73COrli-HCO4-1O4-101HCO4-1CO014-1rHCO•H0)4J4-1Ol•nyMco60iHJ-l37373BMOMHM01CX
:hat is accommodatedse results directly indicate the; fraction of the imposed heating t01
JSH
•
7301rl3COcfl01801M01s
:he RSI materialsn, and the effective total emissiivity and spectral emissivity of to•H4-1CO•Hcfl0)yCO
«Hp3CO^-O
o4-1
7301730101B01McflCO3lysis of the radiation measurements. The effective emissivity va]cflcflr^>730)•HOrlCX0)MCO
:he effective emis-CO4-1CO014-1rH0)§4-173•H3BMCO•HCOrHCfl01yo<4HrlCX4-1grHCO60M01B01
73014Jcfl
•H73cfl
'01B•HBM014-10)73
Lty values are needed•HCOCOcu
rHcflrly01cxCOcflCO01•H734-1CO4J•Hf »•H4-1rHCO4-1Cfly0)ycfl•4-1M3COB•H0•H4Jcfly•H!-HCXcxCO01c^flCO013rHCfl^4^-1•H•^HCO
ermine true surface temperatures .4-101
73O4-1r^l4J0)BOC^XB•H
The test materialsmeasurements were made during the tests described in reference 2 .BO
•H4-1cfl•H
73COM0)H
1A with SR2/XSR2las HCF-MOD III with M523A7P70o coating, General Electric REI-MOD603
OOrHi-H01BOQyS0)M013
CMmrHM73Ol01>•*yorJ73BCOM60B•H4Jcfl0y
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cuH3oo
performed with a multi-cha.nnel radiometer system depicted in figure 1.cuHCU3CO
4-1d010CUt-i3COcfl010CO•H4JCO•H13cfl05
cfl
M
-lOCOcfl
43CUUcaM-l3COCU
rHCO
I-l
CO01434-1-d0115•H13dCOrHrHCOrH01d§4-113d•H3Ol434-1'do13Ol4-1d3oBCOmH014-1Ol0o13COCUH
rgy radiated by the sample surface was measured with a "total radia-0)d
w
•
HOHH•Haj-j0)^ rH•HCOCUCJcflt-l3CO4-1OHM-l
sensitive to all radiation in the spectral region from 0.4 to 9^
rHrHC3aPoM-l•Hd3CO•H4-1Cfl434-1rH01ddCO43
•
 
tj£do•H4-1
cent or more of the black body emission at the RSI operating tempera-1-1cu(X
U""J
ONCOCUCOtocaCXGoCJc0143CJ•H433r
.
COd0u•HB
radiometer channels to me.isure surface radiation in discrete spectralMCU4J
rH•l-|
M
-lO34-JOCOrHcaCUV4ca01t-i0143H.CO34J
IHM-l13dcfl014-1018•H13COt-i01do434-1•HOMCJ•HCMVOrH4°JOOoo0BoHM-l13CUd•Hcfl4-1O01t-lcu3CO4-1Cfl
13dO•H4JCfl•H13COt-irHCfl^j4-JO0>exCO.COdo0001M
The radiometer also has a pyrometer channel for surface temperaturei-i01
434-JO0)434-1434J•H3COdoH0•Haif)•^-04-1OCM
radiation at 0.4 microns. (In some tests, the pyrometer data were04-1CU•H4-1•HCOdcuCOCO•H4-1Cfl
434-14-1dgcu3COCOE
ures were near the sensitivity threshold of the pyrometer channel.)4-1COCUcxa0)4-1014-101co3cflaOlOl
rH43CfldO•H4-1CO013cr
rformed by all radiometer channels at a rate of 20 samples per second,01(X0)Ho>3CO
4-1dcua01i-i3COcflcu0CO3ocudcfl4-1rHa•HCO
oCMo4J0iHcflI-lod01cfl4-10)t-l0)3cfl4-1cfl134-1COcu43CJCO01drHo0)COod-H13aCOcfl13O>curHcxaooCOM014-101ao•H13COHI-lOl4-1rH•HM-lCU434-113dCO
e multichannel radiometer over the temperature range of the RSI meas-
434-1
M
-lOdo•H4JCflI-l43•Hi —
 |caCJ•13O•Hl-lCUCX13d0CJcuCO
dy radiation source using ai optical pyrometer standard with a calibra-o
43yCJcarH
43CO434-1•H3cuTjaaCOcfl3CO4-JdO)3
acy of emissivity determined with this system is ± 0.05°; surfaceH3oo.
COPQcu434-1O4JCU43CO01ocflH4-Jdo•H4-1
later.
130)COCO3OCO•H
13CO•Hr***
OcflH3OCJcflcuVl34-1cflI-lcuI 10)4-1
used to process the test data. Radiometer signals were recordedCOcfl3acuCOCOcfl4-1cfl
•a•acu4-1cfl0o4-13cfld
analog recorder. Following a test, the analog records were input toCUCXcfl4-1CJ
•H4-1cud00CflgCOdo
^
—
 
N CO
4JCO0)4-100d•H3•0
rder. The digitized data records were utilized in the data reductionooOlt-i0)CXcfl4-1
13dcflI-i014-1HOldoCJr~icfl4-1•H00•H13CO
M014-13CXaoocado13CUPoM-lI-l0)CXCOdo•H4-1CflrH3CJrHCflU
of the radiation measurements were based on the usual assumption ofCOcuCO
rHCfldCfl13dcflCOdoCO•HI-lcflCX0Oo0143H
from the surfaces, because all the radiation measurements were made'd0
•H4-1cO•H13cflI-i
/—
N
01CO3M-lM-l•H13r-lOdCfl•H4Jt-lCU"Icfl
from the surface normal. The absence of significant specular effects
om^^ rH014-1
•HXot-lCXCXcfl0)rHoodcfl301•H^CO4-JCO
ements is commonly accepted ,is a reasonable assumption in materialsH3COcfl0)0H0)
4-10)0OC^X13dcado•H4Jca•H13cflI-id•H
not been demonstrated.COcfl
434^-1•H13•HrHcacu
434-1
43ob3O434-1rHca•VCO4JCO014-1
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CONCLUSIONS
evels from HCF, REI, and LI-1542, respectively, were 100 percent, 50 percent,rHCO•H4Jcd•H
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